Purpose -This paper aims to assess the role that different wireless solutions could have in the universalisation of access to telecommunication services in emerging countries.
Introduction
Wireless communications are revolutionising network expansion, especially in developing countries. Even so, wireless communications are not, as is sometimes suggested with every new development that hits the market, the panacea that will immediately resolve the backwardness of the poorest countries or regions. Despite their deployment costs being significantly lower than those of fixed communications, it is clear that there must exist sufficient demand to make investment profitable. This is the main objective of this paper: to assess the actual potential of wireless communications for extending access to services in developing countries. In order to give them consistency, the calculations have been made for a real case: Mexico. Given its socio-demographic disparities, Mexico seems to represent an adequate case study. The model assesses the costs resulting from deploying and maintaining a 3G network and a CDMA 450 network, both of them capable of providing data access, although the transmission throughputs considered cannot strictly be considered broadband.
Before reaching this part of the paper, there are two previous sections. Section 2 describes efforts to extend infrastructures in Latin America. Section 3 describes the current situation and the role of mobile communications in this scenario. Following the presentation of the model in section 4, the conclusions close the paper. 
Efforts to extend networks in Latin America
An ''adaptation'' of the definition of universal service was made in Latin American countries, where the conditions for telephone service universalisation were obviously quite different from those in developed regions. In 1990, the average in the region was, according to the ITU, only six lines per 100 inhabitants, as opposed to an average 44 in the European Union and 56 in the USA and Canada. In 1995, the figures had grown to nine lines compared with 50 and 61 lines per 100 inhabitants. Additionally, that low number of lines was exclusively concentrated in capital and major cities. In order to develop their infrastructures, the countries of the region devised schemes and mechanisms linked to general sector reform processes and often protected under the universal service umbrella. The strategies included commitments regarding the awarding of licenses or concessions, as well as bilateral agreements generally marked by a limited competition environment. However, the agreements were often broadly breached (Robles-Rovalo et al., 2004) . In subsequent stages of the liberalisation process Latin American countries implemented auctions and tenders for awarding specific network extension projects which were financed, in whole or in part, with universal service funds.
Today, these funds exist in most Latin American countries [1] . In some of them, the universal service concept has been formalised more rigorously and universal service obligations have been included in their legislation. Even so, their practical application is usually diluted among vague objectives subject to open interpretations (''as soon as possible'', ''isolated sectors of the population''), the lack of secondary legal development or deficient programme management, thus leaving universal service more in the land of good intentions than in that of efficient instruments.
With the new century, the concept of universal service has found its conceptual place inside a broader structure: that offered by programmes for promoting the information society. At the supranational level, the 2000 Florianopolis Declaration [2] announced the intention of the signing governments to enter fully into the information society and, in order to reach this goal, confirmed their need to prepare national basic and advanced service universalisation policies (since ''leaving the task'' exclusively to the market ''could imply risks'' basically related to broadening of the digital divide). This declaration was followed in 2001 by the preparation of the so-called Connectivity Agenda for the Americas [3] . Later, in 2003, on the occasion of the Regional Preparatory Conference of the World Summit on the Information Society (WSIS), the Bavaro Declaration [4] was signed. The Bavaro Declaration underlines ''the importance of access to new communications and information technologies and the development of specific programmes aiming to reduce the digital divide between countries''. Two years and a half later, in June 2005, the government of Brazil hosted in Rio de Janeiro the Regional Preparatory Conference for the second phase of the WSIS. The final commitment [5] reiterates most of the statements already signed in Bavaro and repeats the commitment of the region to the Millennium Development Goals by confirming the potential of information and communication technologies for their achievement. Maybe more important than this declaration was the approval of a Regional Plan of Action (eLAC 2007) [6] with specific initiatives and activities as well as measurable goals. As was to be expected, the extension of telecommunication infrastructures deserves a chapter in all these plans.
Access to telecommunication services in Mexico
The initiatives described in the previous section, but also, without a doubt, the dynamism of the market itself, have led to progress in fixed telephony networks. According to ITU data, penetration, in 2006, in most Latin American countries, lay between ten and 20 lines per 100 inhabitants. In Mexico, it was 18 lines per 100 inhabitants. Processing the more detailed data published by the country's own statistical services (whose latest values refer to 2004), Table I provides detailed levels of service penetration provided by fixed networks in the different ''zones'' into which the country has been divided for constructing the model (refer to the following section).
As stated, these data refer exclusively to fixed infrastructures. However, the picture of service access has been radically modified in the last ten years by the accelerated spread of mobile telephony. In Latin America, the number of mobile phones surpassed the number of fixed lines by 2001, one year before this occurred globally (ITU, 2002) . In 2006, the ITU estimated about 250 million mobile subscribers in Latin America, more than twice the 100 million fixed lines existing at the time. Figure 1 shows the evolution of these figures in the last ten years and how mobile telephony has gained ground, representing three out of every four active lines today [7] .
More importantly, many of these lines are being purchased by a population segment which previously had no type of access whatsoever. Returning to the Mexican case, Figure 2 shows that the percentage of the population without access to service fell significantly during one year, basically thanks to the dynamism of cellular telephony: during the third quarter of 2005, 25 per cent of the population had no access to service while during the third quarter of 2006 the figure declined to 20 per cent.
What makes wireless communications even more interesting is that they represent a progressively more efficient alternative (which increases as new technological developments hit the market) for data transmission. Mexico, like other countries with a similar socioeconomic situation, faces a double challenge: increasing, indeed, the coverage and deployment of their basic communication networks, but equally, taking the first steps for generalising access to advanced services which will allow its citizens to join the information society.
Several studies set out the potential mobile networks could have for the provision of broadband in emerging countries. For example, Koanantakool et al. (2004) propose a national initiative for rural wireless broadband access for Thailand suggesting that the evolution of wireless technologies will lead to their selection for providing the service. Gunasekaran and Harmantzis (2007) propose a ''strategic wireless framework'' for providing broadband to different economic sectors in emerging countries. Tanguturi and Harmantzis (2006) analyse the possible development of a migration to third generation cellular networks in India.
Specifically in Latin America, Mahan (2005) concludes that wireless technologies are the most adequate for extending access ''especially for rural connectivity solutions''. Andrade and Conte (2006) study the ''technological'' steps required for evolution towards 3G in Mexico. The Institute for Connectivity in the Americas (Heise, 2003) suggests the use of wireless technologies in low density areas but does not opt for any specific one. However, none of these studies supports its conclusions by detailed calculations. Assessing the distance that separates the promise from the reality in terms of broadband network extension requires an analysis of the deployment and operation costs associated with wireless technologies. What the market could achieve by itself in extending these networks is a necessary datum for any policy maker preparing any measure leading to the reduction of the digital divide.
Assessment of deployment of wireless technologies in Mexico
Using Mexico as a case study, the cost of deploying a mobile network in the whole country is estimated for two different technologies: 3G and CDMA450.
Characteristics of the model
The assumptions shared by the two models are:
1. Network planning and dimensioning are carried out following a methodology similar to: 3. Geographic deployment. The territory to be covered is the whole country. The overall extension is 1,865,000 km 2 (only the inhabited area of the country, 1,965,000 km 2 , is to be covered). It is considered that a total of seven types of different regions or zones can be identified. This division into zones is based on actual Mexican population, household and demographic dispersion data (used before in Table I ). The characteristics of each zone are quite different, ranging from densely populated urban areas to rural isolated ones. This is also the situation in most Latin American countries, making the choice of Mexico representative enough of what occurs in the whole region.
4. Consumer behaviour. It is assumed to be identical regardless of their zone of residence.
The demand considered in the model is one connection per household. Given that the number of households in the country is approximately 24 million and the population 104 million, this represents an approximate 25 per cent national penetration (23.1 accesses/100 inhabitants).
Results
First, the initial equipment, preparation and network deployment investments have been considered (Table II) . The designed 3G network departs from a 2G/2.5G core network connected via the mobile switching centre to the radio access network which, in turn, reaches the user equipment. In the case of rural communities, where sometimes there is no core network nearby (. 5 km), an additional cost for extending the network link is considered. The CDMA450 architecture is identical to the 3G core and backhaul network. The main difference is the radio access network operation frequency (with the associated changes in the capacity, size and amount of cells) and the price of the equipment. Figure 3 shows the contrasting costs per user.
If network operator expenses are considered for the next seven years, an appropriate period for investment to be recovered (Welling, 2003; Olsen et al., 2006) , a raw estimate can be made of the total aggregate investments and it is possible to calculate the expense levels for users in the next few years (see Table III ). The figures provided are in US dollars.
Conclusions
The monthly cost per user shows that, even in an optimistic scenario, assuming a relatively high penetration for the rural regions (25 per cent of the population, that is, 100 per cent of the households), the cost per user of the isolated zones with low population density is exceedingly high. A user from an isolated rural zone needs an average monthly outlay of 104-118 USD during the whole period of seven years just to recover the investment. On the other hand, the monthly cost per user required for recovering the investment in the urban (A, B and C) and suburban (D and E) zones is relatively low (between 10 and 20 USD) and can be affordable for an important part of the population in that area [11] .
The implications of the results depend on the economic situation of users. Piedras (2006) shows that Mexican mobile communications users spent (adding voice and data access) an average of 18 USD per month. Considering the update of this figure and the possible inflation of the deploying costs caused by the high demand considered (one connection per household), this suggests that, in general and on the given assumptions, the urban and suburban zones could be profitable (or, at least, on the verge of profitability) for operators willing to invest. The datum is significant particularly for the Suburban and Semirural [12] zones inhabited by 16 per cent of the population and where, according to Table I , there is no type of broadband access [13] . Additionally, it is foreseen that the concentration of population in urban and suburban regions in Latin America will increase due to migration from rural to urban zones. Specifically, according to the INEGI (2007) data, in Mexico the proportion of population that lived in urban and suburban regions grew two percentage points during a six year period (2000) (2001) (2002) (2003) (2004) (2005) (2006) .
It is obvious that the conclusion is not the same for rural areas. The National Social Development Organisation (SEDESOL, Organismo Nacional de Desarrollo Social) states Figure 3 Cost per user by zone in Mexico. All figures are provided in US dollars 14] ); and most of them were located in rural zones. Piedras (2006) also reports that, in the most depressed regions, the total average spending on telecommunications services, where coverage exists, falls to 9.5 USD per month.
Focusing now on comparing the two technologies, the result is that the costs associated with CDMA450 technology are lower than the costs associated to 3G. In any case, it is not advisable to consider exclusively the affordability factor when choosing the network. Despite being the one that requires the highest investment, the 3G network provides the greatest capacity, which allows for future growth in demand, be it in the number of users or in the bandwidth offered.
In summary, wireless networks allowing provision of broadband can help to reduce the access divides in developing countries, at least by taking access to some regions which were devoid of the service to date. Indeed, the results show that, although it will be difficult for the market itself to reach the rural zones in the short or medium term, the potential of wireless networks in moderately populated suburban and semirural zones is notable.
Given that this article is focused on universal service, the fact that the model has not been built for voice-only networks is noteworthy. Although access to voice service is important, as it has long been considered ''basic'' and still represents the essential content of universal service, it seems that providing voice-only access would only be a first stage in a road that unavoidably leads towards networks where voice would be just another type of data transmitted. In economic terms, taking the two steps at once is much more efficient than taking them one after another. In political terms, if the issue is to provide citizens with tools for their adaptation to the new era, simple access to telephone service is not enough.
In conclusion, wireless technologies are not the balm for all the ailments of the countries or regions devoid of universal service in the short term. However, they do represent the safest commitment for the market to move forward by itself towards service universalisation. They are also the most efficient option for those governments which, in the interest of achieving a truly universal service, decide to finance the deployment of infrastructures in those regions which, at least in the short term, will not be served by the market. To purchase reprints of this article please e-mail: reprints@emeraldinsight.com Or visit our web site for further details: www.emeraldinsight.com/reprints
